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Vulcanizable rubber composition, In particular for low rolling resistance treads for vehicle 
tyres 



(57) A vulcanizable rubber composition is described 
comprising a cross-linkable unsaturated chain polymer 
base including natural rubber, at least a copolymer 
obtainable by polymerizing a conjugated diolef m with a 
vinyl aromatic hydrocarbon, and a main carbon black- 
based reinforcing filler, wherein: 

a) the copolymer is obtainable by polimerizing in 
1.2 form with the vinyl aromatic hydrocarbon at 
least 50% by weight of the conjugated diolefin, so 
as to obtain in the copolymer a quantity of from 30% 
to 70% by weight to the total weight of the same of 
an olefin fraction having a 1 .2 structure, and 

b) the carbon black has a DBP absorption value 
measured according to ISO 4656-1 equal to at least 
110 ml/100 g. a reduction in the DBP absorption 
value measured after compression according to 
ISO 6894 equal to at least 25 ml/100 g and a sur- 
face area measured by means of CTAB absorption 
according to ISO 6810 not greater than 120 m /g. 
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More particularly, the present invention relates to a vranfzIL rut^J . " "^T" °' ''^^^^ "^'^'^'^ "y^- 
unsaturated chain polymer base including natural ruS.er ar^d aHeal^ l^^\ °"^T°" ^ cross-linkable 

skid resistance on wet road ^ ^'""^ ^ 9°°^ ^^^f* resistance and a satisfactory 

.re;'o;u'res^,~^ 

m an entirely opposite rr,anner by the amount of relnfordnq f^er subsLt ""T" °" "^^"^^ ^"^^t^* 

'5 s,tion used to manufacture the tyre tread Mer - substantially carbon black - employed in the compo- 

fcrcirgre: us°e:.tt;Vc^X"^^ '^oTarts "-'^^^^^^^^^"^ '° ^"^^ °' rein- 

base) in so doing, however, a falling off to unacceSre v^lue of both , "t'T °' =°"PO-«ion polymer 

tyre has been observed unacceptable values of both wet skid resistance and wear resistance of the 

" art - s^^^^e^Tp^ carbon blacK-based fillers, the pnor 

instance in European Patent application EP 0 501 227 ' P^''*'^"'^^ is described for 

a.nirw^SZ:r=;her^^^ 

Of su^^at^e coupling agents that may chemically bi ^caloThe " " ^^'^^^^ '^^ 

related to the extreme variabil« TZon oTrprsL'm"::^:,^^ T ^^^^^-^^ ''"^ 

from zone to zone of the same ^ PH/sico-mechanical characteristics of the composition 

««er.'arer^TJd^rrTdSS^^^^^^ 

been observed. vanaD.irty of the tread obta.ned from the so-produced compositions have 

and wet skid resistance of the t^e ^ resistance without affecting the wear resistance 

at least a conjugated diolefin with at least a vinyl aro^bc l^Z^rZ ^ copolymer obtainable by polymerizing 
carbon black-based reinforcing filler, characterized Tn^,' '^"^ <^°'Won further comprising at least a 

to the total weight thereof Of an Olefin fra«vi^1^ 

25 mj^oo g and a surface area as r^eaiur^ brmeanfo?CTAB ^^^^ '""""""^ '° «° 

1 20 ni2/g. ^ ""^^"^ °' CT^S absorption according to ISO 6810 not greater than 
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-J ^ *ho tprm- 1 2 Dolvmertzation, is intended to indicate a par- 

in the following description and in ^^^^/PP^^'^^^^^'^'T^'^^^ diol^in and the vinyl aromatic hydrocarbon by 

in US patents 3.451 ,988 4.264 753. ,^„,isingly observed that the rolling resistance ot a tread may be 

advarrXruc^ eTeZrar^b^^^^^ - - ^^^^^ 

affecting neither the wear resistance nor the wet skid '^f^'^'^j'^^^ZX^se including a so.:alled "high vinyl" copol- 

This may be achieved by using in the cornposrtion a 'f^^^'^^.P"'^'!^^^^^^^^ in 1 ,2 form with the vinyl 

ymer (I.e. a copolymer wherein at least 50% ,°' '^^^^^^^^^^^ surface area, 

aromatic hydrocarbon) and a carbon black ^^:'"9^^f^;'^^^3'^^3'^^^^^^^^^^^^ fall among those that the known art 

This result is all the are delegated to replace carbon black, but 

suggests to use in association with silica-basea Tiiiers, u.uo 

not with carbon black per se. Pia«rfnmer Filler Interaction between Chemically 

see on the matter, for instance the '^"^^p-P^^fp" ^ % aS eTa .dXer«l at the meeting of the Amer- 
Modified and Emulsion SBR wrth Carbon Black and S 'ca F.He^ -^V ^^^'^ ^ ' ^ ^^^^ ,995 
ican Chemical Society. Rubber Divis.on, ^e^d 'n ^ °; °;,^if^;be inferred that while a high content of vinyl 

From the experimental tests mentioned ,n '^^^^^ 31,1^3 in the composition, because of the 

rerrffinTwtTL^rr^^^^^ 

includino carbon black, which drops to unacceptable values (see. for '"S^^"^®' ° rnnnlvmer mav be obtained by 
in the polymerization. ^r^^^rK^n rnnoivmer of the invention is obtained by polymer iz- 

the polymerization. ^v.,^*inA.inv/i ^irnmatic hydrocarbon copolymer is obtained by using a quan- 
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- (CH-CH2) 
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CH=CH2 
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Structural formula: 
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a M^cycioalkyl, aryl, dialkylaminoaryl. aralkyl groups a,^^' ap^7c O N knH '"''^ """^ 9^°"P =°'"Prising 
aralkyi groups; at least one of said groups R, R, a\^ R ^- ^, ^"^ S-=°"'a'"i"g alkyl. cycloalkyl. aryl and 

groups R, , R3 and R3 are s.mul,aneous,y'ary, groupsl'g e« ^"^-"^^ -^-^ said 

■nsta^ei^rdrcrs^^^^^^^^ 

- - in^ntion .ay turt.er 

a subsequent coupling of the polymer chains a com™ * " " organolrthium Initiator ^d by 
mary purpose of increasing the molecular weigh of ,heX^^^^^^^^^ " !" halogenated compound, with the pri' 

.ose^=X'rS^^^^^^^^ 

-o'-rs, the organolithium initiator is 
fators .n assoaation with polyfuncional monLerranTmilrS^f ™"°'""'=«°nal organolithium ini- 

^>'^>^>'^o.:]'^Z^>^Z^^^^^ -selected from the group comprising: dimethy, 

0 mixtures thereof. tnchlorofin, methyl trichlorotin. tin dichroridT and 

coup^-rt^r^inrs^^^^^^^^^^ rc^i^eforrar ''""r a 

■ anc J :Xtiorh::e^S^en ^^^^^^ ^-crip«on, the best results in terms of rolling resist 

isse^^^tr^^^^^^^ 

diene. and mixtures thereof. =>uprene. dimethyl -1,3 -butadiene. 1.3-pentadiene 1 3-hexa 

se,e:°e:,^r^^^^^^^^^ aroma«c hydrocarbon is^prefera^y 

vrnyl-pyndine and mixtures thereof ^ ^ ^' P-^^^^^^W-styrene. vinyl-toluene, vinyl-naphthalene 

100 parts by weight of polymer base ^ ^ °' '^'^ 3° to 70 parts by weight per each 

s.on-, Which comes up in a more or less rnaTk^ formTfr^T/ ? "°" °' =°'^°srtion. the so-called "rever- 
Thanks to the presence of high ZyT^J^l Z^ vulcanization of the natural rubber. 

contrary to What happens with the'coZ iti^'^co^^^^ 
.oatleasteo^byw^fftX^rwIiS^e:^^^ 
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area, it is possible to reduce the c,uar.«y ct carbor.-b,acK, ,o the advar«a9e ^ a '^l^^^^^;^;^^;^^"^^'- ^^"^ '^^^ 

""S4TZr.™p,.»o,MWI»»»n,^e..«.nd»Ma.«z..«,..l=o.ns„» 

'" *:'SrjS2,™«'S.««. , . »«n,,«u. >o i..»po,.,. i„«™.p«.»nO»a.p.r. 

0 °' "^Pr^eTed coupling agents are silane-based and have the following structural formula: 



(R)3-Si-CnH2nX ^"^ 
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wherein: 

selected from among the following functional groups: 
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o^'rctre a.c"r °' '"^ ' '° ^'^ " ^" - - ^'-^ 9roup ccn.pnsing 1 to 4 carbon ato.s 

so as .0 ,a.n.a.e «s .co.po.a.,on ,n.o .e co^^s^^ 0°: ^s'tC^^rrso" 

lin.:. SLTerK^r ~ '^^ '-"«on incc.pora.s one or .ore non cross- 

ability characteristics. necessary to impart to the composition the necessary mechanical and work- 

age-fe^t^STgent 11. "'^^'"^ '"^ ^^"^^ ^'"'^^^^^"^ -^'-'--^ adjuvants, antioxKlants, 

the aa"'"- °' "'^"'""'^ ^^'^""^ P'°P°^«o- easily determinable by those skilled in 

posspy%=rrbi^^rSb7s^^^^^^^^^ 

oxideTdra -c^lTdrrn. ''^^'^^^^ .'e^ po.«on, by adding zinc 

Solely by way of non limitative indication. Table f hereunder iflustratpc; tho twr.v.. ■ 
..on according to the invention in parts b, weight per each^^rwe^^^^^^^^^^ 
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ingredient 


quantity (phr) 


conjugated diolefin/vinyl aromatic hydrocarbon copolymer 


30 - 70 


natural rubber 


30 - 70 


carbon black ' 


35-65 


silica ' ' — 


0-25 


silica coupling agent ' " 


0-2.5 


ZnO ■ 


1 -5 


stearic acid ' ~ ' — 


0-5 


antioxidants ' 


1 -3 


antifetigue agents 


0.5-3 


sulphur or donors thereof ~ ' — ' — 


0.5-3 


accelerators 


0.5-3 


plasticizers 


0-40 


phr - parts by weight per each 1 00 parts by weight of polyme 


r base. 



According to a h^rther aspect o, .he invention, a tread is provWed' having good rolling resistance, good wear resist- 
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ance and good we. s^d resistance, omalnab.e by torn^ing a vulcanizabie rubber cooposi.^^ 

'""Teferably, the .read o, .he invention is obtained by drawing, mousing or calendering at a tenperature of .rem 80 
'° ' Advamageously .he .read - once vulcanized according .o Known operations - shows hys.ere.ic charaCeris.ics 
.U.:f'jT.S^'l^uc.o. in rolling resis.anc. bu, ^^^^^^r^. ^'^^^^^ description, the rolling 

.esi^^ta^trei^rr^sirrerrcr^^^^^^^ 

E' = dynamic elastic modulus (measuring the energy retained and recovered during a cyclic deformation); 
E" = loss modulus (measuring the heat-dissipated energy during a cyclic deformation): 

tang5 = E'VE' 

reduced resistance to wear and a good wet skid ^^'Stance comoared with tyres fuily identical but includ- 

unalterated the values of wear resistance and wet ^^ l^^l^^. ,,^33 reduce the rolling resistance of 

Ing to the present invention. ^^^^.i^oc a* ipact a carcass dIv 2 whose opposed side edges 

With reference to said figure, a tyre 1 4 dlf^S "^9 an interna, ci^mferential edge 

are externally bent around bead wires 3. incorporated each .n a beaa 4, oerinea a y 

of the tyre, wherein the tyre itself engages or. a wheelrun 1°^^^^^^^ ^ e ^^etal cords 

, Along the circumferential development of the carcass ply 2 one or more oen 

incorporated into a rubber composition ^^ft are applied^ sidewalls 7 Is applied, each 

fo conventional in thennselves and known in the art^ „,^,:^in=,rix/ anri indeoendently preparing several semi-fin- 

desaibed above. 
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- SMR 20 = natural rubber {Standard Malesian Rubber); 

weS' ^:Z:r^^^ ^'^ — - content epua. to about 57% by 

pon 2eon); ^ ^° ^^'9^*' ^^^''^^'^ °" ^^e market under the trade name NSl 1 6^ (Nip 

- carbon black = Vulcan 1 380 (Cabot Corporation); 

- age-retarding agent = 6PPD. also known as SANTOFLEX 13 (Monsanto); 

- anti-fatigue agent = TMQ. also known as VULCANOX 4020 (Bayer). 

as well as other ingredients of common use in smaller amounts 

The structure and surface area characteristics of the carbon black used were the following: 

- DBP (ISO 4656-1): 143 ml/100 g; 

- compressed DBP (ISO 6894): 105 ml/100 g; 
25 - CTAB(ISO6810):84m2/g. 

ingredients: °^ ^^out 20 r.p.m. together with the following 

30 

sulphur; 

■ vulcanization accelerators [(diphenylguanidine (Monsanto) and SANTOCURE CBS (Monsanto)]. 

3s Keep^H:^:St^r:;rc^%^^^^^^^ 

After about 4', 180 kg of a vulcanizable rubber cl^i^n^ I Z premature triggering of vulcanization, 
following Table II (parts by weight) composition were discharged, having the composition shown in the 

EXAMPLES 2-3 

40 

in wh^^d^ rhlZS "ZZL'lZ7nZZTJ:'Jr^^^ ' • r -"'^ prepared 
More particularly, .he «ng «po^merv?Je useT ° ' " ""'"^""'^ ""'"^ 

The ingredients of the resulting compositions are shown in Table H. 

55 EXAMPLE 4 
f Comoarison) 
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other ingredients being equal - were employed. 

More particularly, the folltwingingredierrts were used. , 

. u , 1 9 structure content equal to 25% by weight and a 

surface area characteristics. 

- DBP (ISO 4656-1): 125 ml/100 g; 

. compressed DBP (iSO 6894): 100 ml/100 g; 

- CTAB (ISO 6810): llSm^/g. 

The ingredients of the resulting composition are shown in Table 11. 

EXAMPLE 5 

(CemEarison) no Example 1 a rubber composition was prepared, in which 

inaredients being equal - were employed. 
' wore particularly, the following ingredients were used. 

. ca-bon blacK = Vulcan 1380 (Cabot Corporation), as per preceding Example 1 . 
The ingredients of the resulting composition are shown in Table II. 



EXAMPLE 6 
(r.rjm parison) 
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^- .«lino Example! a rubber composition was prepared, in which 
,n accordance with the P-<=«'--^-=f '^frcK r^^einforcing filler of a conventional type - the other 
a high vinyl copolymer in the polymer base and a carbon blacK 
ingredients being equal - were employed^ 

More particularly, the following ingredients were used. 

^ I etion havina a 1 2 structure content equal to 56% by weight and a 

- -r:cnteir;:::ar^^^^^^^ 

. ..on «acK = ASTM N234 type, in particular Vulcan 7H (Cabot Corporation,, as per preceding Example 
The ingredients of the resulting composition are shown in Table H. 

Fvamoles 1 -6 was submitted to vulcanization for 

A sample of each of the compositions «<^°^*"9 *°J^tS'l^men t^s^eral tests in order to evaluate thedynan^c 
10' at 170^. with methods and apparatuses known ,n the art. and then 

''^'^Mo^^rU the values of tanga were determined, tang.a being defined as: 



55 tangS = E"/E' 

wherein: 
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E" ='ossmcxJulus[MPa]; 



15 



20 



E* = elasticity modulus [MPa]; 

detormahon of 25% of its original height and kJo «t f h» , i ^ '° =°'"P^ession preloading up to a lonoitudin^l 
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J!^if J^*^ ""^'"^ according to the standards DIN 53Sifi 

pie ecamined. °' '«st, the better the abrasion resistance of the composition sam- 

The r^ults of the tests carried out are shown in Table IV hereunder 

sion charaaeTisfe fut c^^'aWet?th m^^^ °' »f« invention (Examples 1-3) have .hr. 

.0 satisfy the abrasion cUScrSur:.^;"! :e~^^^ 



EXAMPLE 9 
(Road b ehavtoiir) 



A. Evaluatinn nf r^ufng rrTiitnnro 



■To^^M^^rrerbJ^t:-;- and in partiCar to the so^lled 

■me measurements were made at a con^ar^lnTln^T^*'""^' '^''a'o'y apparatuses. 

theses ob.^nedfrr.^'e^~rn"rro^;^^^^^^ 

Atten^ards, the power losses of the tyres obfa^ed f^m resistance index of 100. 

-n other words, the higher the index value, the lower the roZ:2^:^T:rC:^^nT 
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The results of me tests are shown in ^^j^'^^ (E,,,p,es 1 -3) have a rolling 

resi^n=:r«"l~^^^^^ ^ - con.arati.e tyres (Examples .S) 

5 B. Fvaluation of wet skid resistance 

and understeering). compliance, curve release and contrdlability^ „recedinq Examples 1-6 with the comparative 
,s ,n order to compare the tyres o^'-^.^JT; 100. 

'-^.re':^aroTo?ih?t;r r.^ — ^ — °' 

^^^r^-rotZtr^^^^^ -.a^on expressed .y the Iwo test driers, are 

" ^'Ts mlfb: n<^c^Trom said Table, the tyres o. the inven«on have shown performances better than or tully compa- 
rrrc^nLCtheTeT^^^^ °' -mpies 4-6 offered a clearly worse performance. 

25 C. Fvaluation o f wpar resistance 

depending on the wear observed on the tyres examined^ 

The results of the tests carried out are shown JlX.^f^"" „ the invention were tully comparable either with 



TABLE 11 
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Ingredients 


Ex. 1 


Ex. 2 


Ex. 3 


Ex. 4 


Ex.5 


Ex. 6 


S-S8R 


50 


50 


50 


50 


50 


50 


NR 


50 


50 


50 


50 


50 


50 


carbon biack 


50 


50 


50 


50 


50 


50 


ZnO 


2 


2 


2 


2 


2 


2 


stearic acid 


1 


1 


1 


1 


1 


1 


antioxidants 


2 


2 


. 2 


2 


2 


2 


antifatigue agents 


1 


1 


1 


1 


1 


1 


plastidzers 


5 ■ 


5 


5 


5 


5 


5 


sulphur 


2 


2 


2 


2 


2 


2 


accelerators 


1.4 


1.4 


1.4 


1.4 


1.4 


1.4 
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TABLE til 



Properties 


Ex. 1 


Ex. 2 


Ex. 3 


Ex. 4 


Ex. 5 


Ex. 6 




17.5 


13 


13.8 


14.2 


12 


14 


E' ro^c 


5.4 


5.5 


5.45 


6.6 


5.9 


5.6 


E" O^'C 


11.3 


7.43 


8.33 


5.8 


5 


7.8 


E" 70**C 


0.71 


0.8 


0.82 


1.2 


0.94 


0.9"l~ 


tangs 0**C 


0.773 


0.569 


0.604 


0.444 


0.421 


0.56 


tang5 70*C 


0.132 


0.146 


0.151 


0.18 


0.16 


0.162 



/5 



TABLE IV 
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Property 


Ex. 1 


Ex.2 


Ex. 3 


Ex. 4 


Ex. 5 


Ex. 6 


AB index 


100 


104 


r 104 


103 


110 


98 


AS index = DIN abrasion index 









TABLE V 


Property 


Ex. 1 


Ex. 2 


Ex. 3 


Ex.4 


Ex. 5 


Ex. 6 


RR index 


100 


98 


97 


82 


90 


90 


TS8 index 


100 


95 


r 95 


85 


82 


1 98 


RU index 


100 


100 


100 


98 


105 


95 


RR index = rolling resistance index 
TSB index = wet skid resistance index 
RU index = wear resistance index 







Claims 



ma.ic hydrocamon. -id' o::ipL,fo ™ r^S^^^^^^ "!lf ^ 

ized in that: comprising at least a carbon black-based reinforcing filler, character- 

by weigh. toVeL.ethr.h"r^.rot;n^a«^ 

^'.^0 r^:^rntro\;t:;x^^^^^^^ - — - . .a. .o 

V^lcanizable rubber composition according to claim , . characterized in that said at least one copolymer is obtain- 
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at,a.vpo,y.erizingin1,2,orm.o. 60 ,0 70% by weighted said coniugated.io,e,inw^ 

carbon. 

V ..rnrdina to claim 1 characterized in that said copolymer comprises a quantity 
Vu,can.ab,eru^er composition acco.ingtc,c,a,^^^^^^^^^^ 

ymer Obtainable by means of 1.2poym^^^^ ^ ^^.^^^ compound 

diethylamlnobenzophenone. a halogenated tin oonnpound. and mixtures thereof. 

r,rr<:nr. fn riaims 1 or 4 characterized in that said copolymer is a coupled 
Vulcanizable rubber composition according °' ^1 ^„„,g<jdiolefinwi^^ said vinyl aromatic hydrocar- 

ated tin compound. 

1 A ^harartprized in that said organolithium initiator is 

fn association with polyfunctlonal monomers, and mixtures thereof. 

^. . 1 „o A r,r rharacterlzed in that said halogenated tin compound 

butj tt^^orL«n, methyl t'chlorotin. tin dichloride. and mixtures thereof. 

Structural formula: 




C = N - R3 



(I) 



-1- ^loim 1 rhpracterized in that said conjugated dtolefin is selected 

and mixtures thereof. 

-J- ^oirr. 1 rhpmcterized in that said vinyl aromatic hydrocartxin is 

rr^c^^rg^p^c^s^r^^^ 

lene. vinyl -pyridine and mixtures thereof. 

4 ^i^ir^ 1 nharprterized in that said polymer base further comprises 
content of 1 .4-cls fraction equal to at least 60% by weight. 
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-on .a. a ..ace a.a 

r:;rrsrjSSr '° ^"-^ ' - ^ ^es . .a. a secona. 

ranfordng filler per each 1 00 parts by weigh' of sLfd polymer Le ' °' "^'^ '""'"''"'^ silica-based 

balr ;raVc:XZr°" ""^^'-^ '° "^^-^ -'-^'^'-^^^ - ™^ses . lea. a silane- 

' ' t'o aTyS ^^""^ '^^^^^ ^'-'"^ ^ --"--^e rubber composition accordir,g 

- 20. Tread according to claim ,9, characterized in that it has a tang, value at 0»C higher than 0,45. 
21 . Tread according to claim ,9, characterized in that it has a tangs value at 70-0 lower than 0. 1 6. 

(2) to said tread (9). characteriz J In that sa,^ lead 9Ms obtin^^^^^ , "'"^ vulcanization said carcass 
according to anyone of claims 1 to 1 8. ^ vulcanizable rubber composition 



30 



23. A tyre for vehicles, comprising: 



- at least a belt strip (6) extending circumferentially arourxJ said carcass ply (2); 

Characterized In that saii tread (9 ?s ^ta ^'by ofmiL . ? 'J^'*"^' '° '""-^^ '^^^ Sro^nd; 
one of claims 1 to 1 8 ^ """^ ^ vulcanizable rubber composition according to any- 

40 

24. Tyre for vehicles according to claim 23, characterized in that i, has a tang, value at 0-C higher than 0 45 

25. Tyre vehicles according to claim 23, characterized in that , has a tanga value a. 70-0 lower than 0 16 

' an~rrSrer^^^ P--ed with a. leas, a carcass ply (2, 

beads (4) defined along imernalXn^eSmS ^aes 7^ «ach in correspond ng 

tially around said carcass ply and a ^^^t^rZlflllt^ h'"" ^'"^"^'"9 circumferen 

r,a||y a rolling surface (9a) suitable to get in iTw^ meSo^^^^^ """^"^ 

rory^ ;f jal1\r;r °' ^"^^ "^^^ '^--^ - -'-^-^le rubb. composrtion according 
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(54) Vulcanizable rubber composition, in particular for low rolling resistance treads for vehicle 
tyres 

(57) A vulcanizable rubber composition is described 
comprising a cross-linkable unsaturated chain polymer 
base Including natural rubber, at least a copolymer 
obtainable by polymerizing a conjugated dioiefin with a 
vinyl aromatic hydrocarbon, and a main carbon black- 
based reinforcing filler, wherein: 

a) the copolymer is obtainable by polimerizing in 
1.2 form with the vinyl aromatic hydrocarbon at 
least 50% by weight of the conjugated dioiefin. so 
as to obtain in the copolymer a quantity of from 30% 
to 70% by weight to the total weight of the same of 
an olefin fraction having a 1 .2 structure, and 

b) the carbon black has a DBP absorption value 
measured according to ISO 4656-1 equal to at least 
110 ml/100 g. a reduction in the DBP absorption 
value measured after compression according to 
ISO 6894 equal to at least 25 ml/100 g and a sur- 
face area measured by means of GTAB absorption 
according to ISO 6810 not greater than 120 m ./g. 
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